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The purpese of this thesie was to develop an accurate 
method of predicting air Plow through woven fabrics of variow 
materials and having varied constructions. The thesis ie wade 
up of two phages. Phase I deals with verification of basic 
theory a0 applied to wire mosh. Yhase TI covers the sane 
verification ae applied to faurics in general. 
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The standard presoure drop across a fabric used to 
measure air flow is 6.5 inches of mater. Calculating the 
velocity of such a drop gives the followings 

Y= 2 gh 
V® 166) fte/oee. = 1) wie /ir 

With such @ low velocity, the flow of air tirough 
the fabric is a viscous or atreanline flow with no turbulence. 
Purthernore, the quantity of aiy getting through is deteruined 
by the smallest area of each interstice. 

Assume a theoretical plane through the fabric which 
would pass through the emallest erces-ecctional area of cach 
hole or interetice. If it were possible, accurately, to 
calculate the area of interstices in this plano, the result 
would be effective air space, or that air space through which 
the air ig peasing te get from one side of the fabric to the 
Other. Asouning aolid ends and picks, the air ean get through 
| the fabrie only by passing through these interstices, An 
accurate method is presented harein to measure the 4 air space 
through this theoretical plane, and a correlation of this % 
@ir space and air flow at the very low 0.5 inch drop across 
the fauric is aleo presented te support the above theory. 
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The first phase of testing was done on twelve wire 
meghoo having the specifications given in the table below: 
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20095 
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The apparatus which was used is Phase I of this 
thesis is described in Research Paper Mo. 261 of the Sureau 
of Standards entitled, "A Portable Instrument for Measuring 
Air Permeability of Fatries" by U. Fy dchiofer. (See FP. 10 
for illustration.) 

The fabric to be tested is mounted under slight 
tension between the fabric orifice rings (dianeter of opening 
2.75 inches, ares of opening 5.3 square inches). The cuter 
Ping weighing tiwee pounds is placed ever the fabric, acting 
ae a slight pretensioning device. The fabric is then held 
in place by means of the clamp. Air is drawn through the 
suction fan. The speed of the suction fan motor which draws 
aix through the fabric and the two chasbers is controlled by 
two rheostates a high resistance one for rapid changes in 
speed, and a low resistance one for fine changes o adjust~- 
mente. The nanometers are filled with a special ofl, and 
@alivbrated with this of] to read in terme of inches of water 
the inclined wanmeter which hat a slope of 1 to 10, is 
brought te 0.5 inch of water by adjusting the speed of the 
@uction fan. The pressure drop across the air orifice ig then 
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noted on the vertical manometer. The volume of air passing 

is ealewlated from thie value and the calibration data of the 
orifice. The air permeability of the fabric is expressed in 
cubic feet of air per minute per square foot of fabric at a 

pressure drop of 0.5 inch of water across the fabric. 
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Fig. III.15. National 


Bureau of Standards 
Air Permeability 
Machinee Above: 
Machine as Made by 
Sherman W. Frazier. 
Opposite: Schematic 
Diagram of the 
Machine. 


Courtesy Sherman W. 
Frazier 
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The apparatus was aet up as ghowa in the schematic 
diagram on Page |, A especial spange rubber ring of 2 inch 
thickness was placed under the beveled ring and the clamp ws 
then lowered inte place, the object of the spenge rubber being 
to insure that no air wag being drawn from around the edges of 
the mesh. It was imperative that this air tight arrangement 
be made so that measuresent of air flow represented only that 
air coming through the fabric orifice itself. 

4& further variation of the basic muchine set-up was 
necessary to obtain the desired 0.5 inch drop across the mesh. 
The original fabrics orifice had an area ef opening of 5.3) 
aquare inches, this area being too great to effect the desired 
pressure drop. To get the desired drop, special round paper 
orifices ranging from 0.5 equare inches te 3 square inches (in 
ineremants of 0.25 square inches) were out from heavily waxed 

Fite aix flow readings for each paper orifice on each 
uesh were taken. Average valuce wore then calculated for each 
orifice on each of the twelve meshes. These data are recorded 
on Pages |)“ through!%, summarized on Page 20, and shown in 
graphical form on Pages25 through ?2.. The calibrated air 
orifioss used were those of 6.05, 6.15, and 11.00 am diameter 
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and @ constant 0.5 inch drop was maintained acorces the mesh. 
@ir apace for each megh based on the area of the interstices, 
Algo, a correlation betwren per cent air space and air flow 
wae made to form a basis for further investigation of actual 
fabrics of sinilar construction to that of the wire sesh, 

Plote on Pages 25 through 3 ¢ were made as follows: 
average air flow for each mesh was the ordinate, walle the 
avecissa was paper orifice area, Least squares equations 
were caloulated as shown on Page22 and the straight line 
plote were thus derived for each of the twelve wire seshos. 
The plot on Page> 7 wma made by merely transferring each of 
the twelve least squares lines to one common graph, each of 
the twelve lines being labeled to show a specific wire aoghe 
To arrive at the plot on Page3?, the air Slow values for gach 
of the twelve meshes wore picked off of the plot on Page 27 
for the 3 in® paper orifica, and these values were plotted 
against the per cent air space value corresponding to each of 
the twelve meshes. Thia gave twelve points from which to 
calculate a least squares line for the 3 in® paper orifice. 
Similar procedure was used to plot the 2 in® orifice line and 
the 1 in* orifice Line. 

The average equation was calculated from the data 
of the plot on Page37, The 3 in® line and the 2 in* line 
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were reduced to @ common tase, the base selected being 1 in®. 
Page 37 shows the calcwlation froa which the average equation 
was derived, Flot on Paget° wag then made of per cent air 
espace va. air Plow. 
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tion of per cent air epace through thy theoretical plans. 
(1) Total Area = Area of Wire @ Air Space Area 
Letiing tetal aresa * 1 square inch 
(2) 1 in? ~ area of wire (in®) © air space (in*) 
This air space can be expressed in % by sisply 
multiplying by 100, Yo find the ares ef wire, 
use the ends and picks per inch in which case 
the formula will read 


(3) Ade Spar l« Snoh)(diamswire) + (2 | (dierewizre) 
Fe ee SS + La iamaiant aed 


the (taxie/ineh)(Picks/inch)(diams?) corrects for one 
of the two arvas included at each wire intersections 
ining fom (3) to onloulate %, Air Space of the 
& x & 0260" dias, wire sesh: 
(3) 2 = ((8)(.0260) + (6){.0260)  (2)(8)(.0260)2] = 
Le 43727 # 0.6273 or 62.735 Air Space 
Siler ealewlations were nade on the other meshes. 
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Seupie Calculations for Least Squares Equation 


Using data for the 6 x & = .0260" liesh ~ See plot Page 
Aix Flow Total Area Orifice 


x x2 x 
818 (5x5) 2050 625 2,040 
1,142 bod x 2 3675 1.06 hy 30 
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2,088 oan KS) 750 560285 15,600 
or 1675 x5) S75 76.56 20, 
2,693 2000 x 5) 10.00 100,00 26,930 
3,059 (eas * 23 13.25 127200 500 
i 2050 % 5) 12.50 356,00 ieto00 
<¥* 18,65h sxu 67.50 =X = 600.18 =XF = 163,665 
Yo me +b = e¥ weckt + bEK~ 
10,654 © le + "65 163,665 © & 6705 + b 60038 
a, bee a 


a 1631665 = 6o0.1t » 
(h5)(163,665 « ae b) 
75 $50 G00 bl 27,000 
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(6705)(18,654 ~ 6765 b) 
1,260,000 « 4,550 b 
27,000 b - anti 50 : 


22, 
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16,65) @ ar b 6765 
e 3 ikea - (272) 67-5) 
0 © MBstsh = 8,200 
a 
& *® 10.1 
Straight line equation y a+ bx 
Least squares equation y = 10,1 + 271 x 


Pere ee sil ; 3 . 
E ee hg ee . 
: ‘ : \ OP Aas dae ; 


yet s6lq end + deek "OO80, + 6 x $ ens aot ofab gated 


Equation for plet on Page 
eing data for 1 in® crifice 


ee 


P+ 
“hese ee 
0 x : . 2,420 12)3 
Be is 6 te es 
fox 3 37670 176 ia Bao 
eka ee 
Biv ; | tow isao 
ee A lt etiam 


SM Soke? <¥ 2yh6p <x® 2h, 3165 4% 931,085 sxx 193,390 


S¥oMmt+bsk EMV ease + ber 
263 = meg 113,390 reel pag 


(S2hie76) (2,467 ~ ses) * sad : prance 


QO = 275, 
olan aint “ 
2 
yar ke 
y 712.3 + bole 


Sintlor caloulations for 2 in® and 3 in® deta. 
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Uiaing data for 1 in® Grifice found on Page 


16 = (33) B= cso (Satis 


Similar calowlations wore sade for tho 2 in? and 
3 iF Orifice date 
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Caloulations for Average Equation 


wrwiso Yee PV 


For > 5.” 5 Seen 
Sint py W262 + Le 42.2 P5262 
Zin® yy # 3741 + 85x 37d 632.1 
Laxey 1269+ hele 42.3 32903 


iividing ¥ values by 3, 2, and 1 respectively 


Por X@O Yes in 
totar 18 
Average 15.0 
Yor X # 70 Ye aie 
foal $5.0 
Average 327.7 
yea+ be 
1§ @ a + (b)(0) 
3A763 Ba + (d)(70 
02.9 = 70b 
> @h.3 a215 
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‘The average equation derived from the plot om Page >? 
(y #15 + le3 x) can be used as the theoretion] formela for 
the flow of alr through wire mosh having a range of air apace 
between 36% and 706 with great accuracy. 

Assuse the caloulated 3 air space to be hls. 
(Referring to the plot on Page38, the LIS value has the 
gent the maximum error for the mosh being tested.) ‘The actual 
flow value for 1 in® orifices of this Lis air space mash, taken 
from the plot on Page 3? in 220 £t3/ctF/ain, The theoretical 
flow taken from the plot on Page + ois 191 £t3/ttein. 

Using the theoretical average equation as a cheek: 


2k stow 
; + (ae 
ye ad Peet fate 


Bet © ier = 9.98 
The actual flow value for 2 in® orifice on the hig 
aiz epace mesh io 415. The theoretical value would be 
2 x 191.1 or 362.2. 
f trwar = WSS PRE Fiat © Out 


The actual flow value for 3 in* orifices on the Lis 
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aiy space mesh is 625. ‘the theoretical value would be 
3 x 172.3 @ ST3e30 


onrror # Bppglied » Seely @ 9.08 


Taking the average & error it is found that the 
maxis error based on actual test conditions ie 9.17%. As 
stated before, this represents the meximun possible deviation, 
and ae susported by the coefficients of correlation of 0.96, 
Os97y and 0.96 for the 1 in®, 2 in®, and 3 in? orifices 
plotted on Pages, the chances of errur being of thin 

Gince aout fabrios would not have more than 70% air 
apace it is not neceteary to predict the slope of the curve 
of plet on Page t© beyond the 70% point. However, there are 
many fatelies that will fali in the range from 0 to 30% air 
space. Looking at plot on MagetO, the derived average 
equation line cute the T~axis at 15. Actually, the flow at 
O24 air space aust be 0. Thus, for theoretical calculations 
of air flow, the dotted portion of the curve from Of to 305 
air apace has been used. As shown, the deviation from the 
average equation line is slight. 

In oumaing up the conclusions of Phase T, it is now 
possible to predict within very slight error the Slow of air 
though wire mosh ranging fron OS to 70S air space. Tt 4s 
proposed to apply this basic equation amd the plot on Page ¢° 
to various fabrics in Phase TI. 
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As explained in ihe Theory on Page ©, an accurate 
mothned of caloulating air apace through the theoretical plane 
of the fabric is neceseary, On Page 2‘ io given the formala 
used to calculate this air space for wire mesh. Its use is 
most valuable aa applied to wire mesh, since the diameter of — 
tho wire in the thauretical plane is the sotual wire diameter 
ag moagured by a set of calipers. However, waen passing from 
wire mesh to fauric, it is obvious that the diamstere of Uw 
ends and picks lying in the theoretical plans of the fabric 
may be greater than the diameters get up in the loom. ‘Theres 
may ba @ flattening out effect which would reduce air space. 
There way be some coating put on the yarn to increase its size 
oe some finishing or pressing process nay have altered the 
effective area of interstices. 

Therefore, it wae necessary to devise some method of 
Caleulating offective area in the theoretical plane for fabrice. 
The projection of a sagnified imge of the fabric upon a sereon 
was decided upon for this purpose, with a magnifiestion of 250. 
Tt was fouxi that this cagnifieation gave a clear cut picture 
of the actual asount of aly epece im the theoretical plane shen 
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The calculation of alr space eas be approached in 
one of two ways, elther by taking the average diameter of the 
ends and pleks as acen under 290 magnification and using the 
formula develope’ Tor wire mash, or ty dutermining the arcas 
of interstices themselves, aa geen won projection, The air 
passing through the fauric is parniitad to pass only through 
the interstices shown under magnification, providing that the 
ends and picks are solid enough in construction to show up ag 
& solid cylinder under 250 magnification. This restriction 
precludes the possibility of air passing through the yarn 
iteclf, In addition to this restriction, it was necessary to 
select fabrics whose interstices had some semblance of 
uniformity and regalarity in order to get an accurate zaasure 
of air space through the theoretical plane. 
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ihe Seo0nd phase of testing was dene on seven 
faories selected uuder the restrictions discussed in the 
inteoducticn on Pagott, So attempt was made to determine 
the type of yarn, or wave, or finish, ox aay other physical 
aspect of the fabric. If the ends and picks appeared solid 
wader 250 magnification and the interstices were regular and 
wunitora, the fabric was pub io the tout. Listed below are 
the seven fabrics selected, with muubor of ands and picks 
per inch being the only identifying characteristic: 


fabri zads/inch  Picka/Taat 
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The air permeability machine was again used in 
Phase IT of this thesia. In addition, the projection micro 
seope with a magnification of 250 was used. The oye plece @ 
ooulay wag 1OX and the objective lens was 12.5%. Oy properly 
whieh the image was projected, it was possible to arrive at 
the 250 magnification. The lighting was incident light fron 
a 500 watt micro~illuminator. The sereen upen which the 
image was projected was graph paper with ten spaces to the 
inch, from which readings in tentas of inches could be read 
directly. 
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To verify the soundness of the use of the projection 
system and to further support the correctaces of the air space 
formule ap applied to the wire mech, several cf the wire 
mesher wore Tiret tested under projection to obtain % sir space. 
Pive meshes wore projected under the 250 magnification, the 
diameters of ende and picks, and the length and widths of 
interstices wore measured (data on Pages 1 and>°¢). The % adr 
gpace was then caleulated (ae Pages+) and this 5 air space 
was then compared with that found in Phase I (Fages7. 

After verification of the use of the projection 
method (see Page 57), the next step was to place each of the 
seven fabrics under the projection apparatus. Since tne air 
epace was so small cuupared to the site of the ends and picks, 
and since the field of vision was limited, the diameter of the 
yarns of fabric #1 gnly could be weasured. In addition, the 
lengtha and widths of interstices of fabric fl were measured. 
This data appears on Pages|. For fabrios 2 through 7, lengths 
taken with the fakrie in a now position. These data appear on 
Pagess2 ands3. The £ air space for each of the seven fateiag 
was Chlovlated as shown on Page s+. | 
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After caloulating the = air space for the seven 
Sabrics, the air flow was seasured by placing each fabric on 
the air permeability machine and obtaining air flow at 0.5 inch 
drop by using four paper orifice openings, 1 in*, 2 in®, 3 in*, 
and 5.9) in®, The air flow data for each of the fabrics 
@ppears in the Summary of lata om Pagess, a plot of the air 
flow versus paper orifice opening data (Tages >) was con 
structed for each fabric on the consolidated plot of PagesG. 
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Favrics ~ Frojection Method 
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Saaple Calculations 


1 (a) Air Space of Bire leh by Projection Bethod 
Using data of 60 x 9 « 0070" iosh 


length Interstios Width Sire Diawter 
soopb lg" eR 


Aves of 1 interstices * (.00978)(.012h) © .0OcL2152 in® 
Noe of interstices © (60)(56) = 3000 
$f ade space * (.00012152)(3000)(100) « 
(b) Using formula method of Phage I 
‘Bair space © 1 = ((60)(.0070) + (50){.0070) = 
(60)(50)(.0070)2) = 37.706 


2 (a) Air Space of Fabric by Projection Eethed 
Ueing date of Pabrie #1 = 69 x 76 


Tateretice Length Interetice Width Yara Diaeeter 
«009629 eQO7T7S* eOOD1" 


Aves of 1 interstice # (.00962)(.0077S) @ .0O007L555 in? 
Nos of interstices = (69)(78) = 5362 
% wir space * (COOOTLIIS)(5302)(100) * houaat 

(b) Using formula method of Phage T 


% air space * 1+ £669) (40081) + ph 0052) - 
(69)(78)(.0052)*) = 99.0% 
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The projection mathod used on the five wire muchow 
to calculate % air space gave resulig that wore very nearly 
the game as the results obtained in Phase I of this thesis. 
Listed below are the comparative values of 7 air apace: 


Zable of 2 Air Space Gouputec by Use of 
Method of Phase I Projection od and 

Hive and Formula 

6O x 50 37470 

30 z 30 51.12 

Wx 41.02 

2) x 2h 39.7h 

120 x 101 37650 36617 38.87 


The faverable comparison of the use of the two methods 
(Formula and Projection) was sound basis for prooseding to test 
the fateies by the projection method, Listed telow are the 
comparative values of actual Clow turough the fabrics ae taken 
from Page 555 and the theoretical flow through the fabrics as 
read from the plot of Page +° (using the dotted theoretical 
line between 0 and 30% air space). 
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Fabric #1 
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Caloulating the % error for 


365 = 390 
5k SL 
8&5 bh 
63 57 

7200607 

688 675 


1 in? S Brrer © 18) = 20h ~ boos 
2 im * Senor ® 366 = sek * 338 
3 int B Reva © ipl © 1458 


Similar caloulations for the other eix fabrice wore made. 
Tabulation appears below: 


a a a 
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The (~) after the ¢ Grror denotes actual flew 
greater than theoretical flow, Fabric #5 seems to have @ 
consletent orror in the mimua direction which averages 12.3%. 
Fabric ss is @ parachute type fabric (see sample on Page 6) 
and appears to have received very little flattening of yarns 
as @ result of the inter-lacing, consequently seeas to be 
thicker. Perhaps the air space (aroun the yarns themselves) 
net lying in the projected theoretion! plane is of gufficient 
wagnitude to perait an sasier passage of air, a greater 
quantity of air, through the interstios. If this air space 
wore actually to be considered as a factor in predicting © 
theoretical flew, the Z air space would the: be higher with 
fabric. This would reduce the % error for Pauric 75, bringing 
the value closer to 0. 

Calsulating the average * error for the other six 
fabrics ac @ group gives a percentage of lle This is @ saall 
per cent error and seems to be low enough to adequately support 
the basic theory advanced in this thesis for predicting air 
va | 

The seven fabrics were selected froa a group of 
absolutely unknown structure, yarn count, finish, or type of 
yarn, As stated before, the only requisite was that the onds 
and pleke appear solid in structure and that sone semblance 
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of regularity and uniformity of interstice be evident when 

viewing the fabric under 250 magnifiestion, In other words, 
@aloulation of % mir space through the thearetion] plane of 
the fabric can be made under this set of conditions. 
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The conglusions of both phages of the thesis are 
owmarised as follows: 
Eppse 2 

Tt ig poeeible to predict within & vary alight error 
the flow of air through wire mosh ranging fron 30S to 70% air 
apace by the use of the average equation y * 15+ 4.3 x 
where y ® air flow in £t3/tt®/oin. and x © % wir space. 
Fhase It | 

With certain restricted conditions imposed cn the 
selection of fabrics, namely, that the ends and picka of the 
fabric appear solid wiler 250 magnification and the interstices 
sqpeer wifore and veguiay in tele eins, it is possible to 
predict the air flow tarough a fabeic by using the plot and 
average equation referred to above, subject te a small per 
cent error. 
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concerned with uiforsly constructed fatries in the sense that _ 
the interstices were all. regular and of a rectangular or square 
ohape, The sext step would be to investigate more complex 
favrics, insuring in coach case that an acowrate method of 
calculation of six space in the theuretioal plane of the fabric 
has been used. A further suggestion is to use projection 
equizment with lower magnification and also project the image 
of the fabric onte & sareen go that several interstices (even 
for the more open fabrica) can be sean. 

It seams desirable to investigate mere thoroughly 
the region between OF and 30% aix space, since most of the © 
ordinary fabrics fall inte this category. To aid in this 
investigation perhaps some finer wire mesh could be used. 
Another way to approach the problem i# to actually construct 
a faleic uwilforsdy and with a predsterains, pre<caloulated 
wir space by wring a hand loom. It is conceivable mt high 
twist mrlon, perhaps, could oagily be used in auch a con- 
struction to bring about the closest simile to wire mosh. Oy 
knowing the count of the nylon being used, and by using the 
air space formula derived in this thesis, the desired nwaber 
of ends and picks to give a specific air space could be 
caloulated and then possibly woven on the loom 
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Thies thesis presents 4 sethod of predicting aixy flow 
through woven faurics of varicus micriais and ef varied 
constructions. A direct relationship between the air flow 
and the £ air space through the theoretical plane of a faurie 
has been developed. Tv accurately caloulate | air apace, a 
method of projeating the fabric onte a screen using very high 
magnification (250) was used. Finally, with the msall pressure 
Grop of O65 inch of meter ispoged across the fabric (a factar 
which denotes streanline, noa~turbulent flow), and with the 
accurate caleulation of air space through the theoretical plane 
of the fabric, alr flow oan be predicted by using a plot ami 
or an avurage equation (or formula) derived in this thesigs 
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